report the structure determination of topopyrones A (1), B (2) , C (3) and D (4) on the basis of chemical and spectroscopic studies.
Results

Structure Determination of 1
The physico-chemical properties of 1 are already described^.
The UV spectrum indicated that 1 is an aromatic compound, like anthraquinone. In the electrospray ionization MS (ESI-MS) negative mode measurement, 1 showed the isotope peaks ofm/z 371 and 373, with a peak ratio of 3 : 1. Thus, the molecular weight of 372 containing one chlorine atomwassuggested. Themolecularformula of 1 was determined to be C18H9O7C1 by HRFAB-MS. Due to the low solubility, NMRmeasurement of 1 was difficult.
Thus, 1 was methylated with diazomethane to improve solubility, affording 5 as a main product.
The molecular formula of 5 was determined to be pp.873 -878 C22H17O7C1 by HREI-MS (Experimental). This molecular weight was 56 mass larger than 1.
In the^-NMRspectrum of 5, three aromatic protons, three methoxys, one oxymethyleneand one methyl were observed (Table 1 ). In the 13C-NMR and DEPT spectra of 5, 22 carbon signals were observed, which were classified into two carbonyl carbons, five phenolic carbons, three sp2 methine, six sp2 quaternary carbons, three methoxys, one oxymethylene, one quaternary carbon and one methyl carbon (Table  2 ). In the lU selective decoupling measurement (PSDM), the 1JH_C value of oxymethylene was 180.0Hz, strongly suggesting this oxymethylene is an epoxy group.
In the HMBCspectrum of 5 ( Fig. 2 ), C-10 was also assumed to be an epoxy group because the epoxy methylene protons were correlated to the quaternary carbon at S 54.51 (C-10). Three methoxys and their stem carbons were determined by the correlations from 8 4.014 to 8 163.55 (C-3), from 8 3.986 (6-OMe) to 8 159.76 (C-6) and from 54.011 (8-OMe) to 8 157.80 (C-8).
The sp2 methine at 8 6.795 (H-4) showed the correlations to three sp2 quaternaries at 8 1 14.68 (C-2), 8 1 17.47 (C-9a) and 8 146.14 (C-4a), a phenolic carbon at 8 157.78 (C-l) and a sp2 carbon having C-3 methoxy group. A sp2 methine TMS was used as internal reference.
* may be exchangeable in column.
a) in CD2CI2 b> in CDCU S 139.54 (C-lOa), and two sp2 carbons having methoxy groups (C-6, C-8). Both H-4 and H-5 showed correlations to the carbonyl carbon at 8 178.82 (C-9) and C-10 (Fig. 3 ). These results indicated that H-4 and H-5 were not on the same ring or the neighboring rings, but two aromatic rings bind via a ketone (C-9) and an epoxy group. Thus, the antharaquinone skeleton in which one of the two ketones is substituted with an epoxy group was proposed for 5.
A sp2 methine at <5 6.075 (H-12) showed correlations to a carbonyl at <5 176.87 (C-ll) and a phenolic carbon at 8
164.71 (C-13) (Fig. 2) . Methyl protons at 8 2.426 (H-14) showed correlations to C-12 and C-13. These correlations indicated the presence of 1-butanone-2-ene moiety.
Moreover, correlations from H-14 to C-l, from H-12 to C-2
and from H-4 to C-ll was observed (Fig. 3) . These correlations suggested that the butanone portion attached to the anthraquinone as a 1 ,4-pyrone ring. In the NOE difference spectrum of 5, NOEs were observed between an epoxy methylene proton (Ha-epoxy) and H-4, between H-4 and 3-OMe, between another epoxy methylene proton (Hb-epoxy) and H-5, and between H-5 and 6-OMe (Fig. 3 ). These NOEs suggested that H-4 and H-5 are on aperi position to the epoxy, and ortho positions of H-4 and H-5 were occupied by methoxy groups.
In the PSDMof5, the /values from H-4 to C-2 and from H-4 to C-2 were 5.2 Hz and <1.0, respectively (Fig. 3 ). These Jvalues indicated that bonds between H-4 and C-l is four, and H-4 and C-2 are connected via three bonds. Thus, Acetylation of 1 with pyridine and acetic anhydride afforded 6. A molecular formula of 6 was determined to be C24H15O10Cl by HREI-MS (see Experimental).
In the !H-and 13C-NMR spectra of 6, an additional quinone carbon was observed instead of the epoxy signal in 5 ( Table 2 ). The structure of 6 was determined by HMQC and HMBC spectra as shownin Fig. 1 . 5 has an epoxy group, however, 6 does not. Thus, the absence of an epoxy group in 6 and the mass increment from 1 to 5 indicated that the epoxy methylene of 5 was derived from addition of diazomethane. Therefore structure of 1 was elucidated as shown in Fig. 1 .
Structure Determination of 2
The physico-chemical properties of 2 are already described1\
Amount of 2 in the culture broth is small, however, It was found that 2 was converted from 1 by treatment 1% NaOH/MeOH. The UVspectrum indicated that 2 has the same chromophore as 1. The molecular formula of 2 was determined to be C18H9O7C1by HRFABMSwhich is identical to 1. Since the solubility of 2 was also low, the methylation of 2 was performed, affording 7 as a main product. The molecular formula of 7 was determined to be
C21H15O7C1 by HREI-MS (see Experimental).
This molecular weight was 42 mass units larger than 2. The^-NMRspectrum of 7 was similar to that of 5, three aromatic protons, three methoxys and one methyl were observed, but the epoxy methylene of 5 disappeared. The 13C-NMRand DEPTspectra of 7 were also similar to those of 5, however, the third quinone carbon at 5 181.71 (C-10) was observed instead of the epoxy carbons of5.
In the HMBC spectrum of 7, the correlation pattern is very similar to that of5 (Fig. 4) . Since H-4 and H-5 showed the correlations to two quinone carbons at <5 179.47 (C-9) and C-10, the anthraquinone skeleton was suggested. 1,4-Pyrone ring was also indicated by the correlation from methyl protons at 8 2.385 (H-14) to a phenolic carbon at 8 159.96 (C-3) and from the methine at 8 6.158 (H-12) to a sp2 quaternary carbon at 8 122.66 (C-2). Three methoxys at In the NOEdifference spectrum of 7, NOEbetween H-5 and 6-OMewas observed as in the case of5, but NOEwas not observed between H-4 and all the methoxy methyls. In the PSDMof7, the /values from H-4 to C-l and from H-4 to C-2 were <1.0 and 5.2, respectively.
These results indicated that 1-OMe is on a para position of H-4. Therefore the structures of 7 and 2 were elucidated as shown in Fig. 1 described1^The UVspectrum of3 is very similar to that of 1. The molecular formula of 3 was determined to be C18H10O7 by HRFAB-MSsuggesting 3 is a dechloro analogue of 1. Acetylation of 3 was performed with pyridine and acetic anhydride, affording 8. The molecular formula of 8 was determined to be C24H16O10 by HREI-MS (see Experimental). The^-NMR spectrum of 8 was similar to that of 6 (Table 2) . However, one additional proton signal was observed at 8 7.306, which coupled with H-5 with J value 2.44 Hz. These results indicated that the seven position of 8 was substituted from chlorine to proton. The structure of 8 was confirmed by HMBC and HMQC.
The correlations are summarized in Fig. 5 . Thus, the structure of3 was determined as shown The UVspectrum is very similar to that of 2. Thus, the structure of 4 was suggested to be dechloro 2. The structure was determined by the NMRmeasurements of the acetyl derivative ( Table 2, 3) .
Discussion
In this study, the irreversible conversion from 1 to 2 and from 3 to 4 were observed in 1% NaOH/MeOH1}. As a 1,4-pyrone rearrangement, Wessely-Moser rearrangement^is known, which is well used for synthesis to flavones and chromones. Preparation of 6 (Acetylation of 1) Crude 1 (lOOmg) was dissolved in pyridine (0.5 ml) and acetic anhydride (5 ml). The mixture was reacted overnight at room temperature. After the mixture was evaporated, the residue was purified by preparative HPLC (Senshu Pak. PEGASIL ODS 20X250mm, 40% acetonitrile-50mM
AcOHpH 3.1, liner gradient from 50% acetonitrile to 60% acetonitrile till 65minutes, UVat 270nm, 10ml/minute, temperature at 50°C). 
